Abstract. Large carnivore populations are recovering in many parts of the world and this generates conflicts with humans, notably in terms of livestock depredation. Governmental programs of mitigation measures and compensation for losses are often implemented to reduce conflicts, but the factors affecting losses are poorly understood. We used 11 years of data on domestic sheep (Ovis aries) claimed, and confirmed, to have been killed by predators in Norway to evaluate how predator density, flock management, and other environmental or habitat-related variables are related to losses. The percentage of animals claimed as lost that was found and confirmed to have been killed by large predators (i.e., the detection rate) was low, especially for sheep claimed as killed by Eurasian lynx (Lynx lynx), wolverine (Gulo gulo) and golden eagle (Aquila chrysaetos). Still, we generally found that similar factors predicted the number of claims and number of carcasses found across predator species. Predator density was strongly associated with losses, especially for sheep claimed as killed by brown bears (Ursus arctos), lynx and wolverines. Percentage of forest in the pastures, average slaughter weight of the lambs (an indicator of the forage conditions during summer) and vegetation characteristics in the spring also predicted the number of sheep claimed and found killed by lynx, wolverines and eagles. Factors related to losses due to wolves (Canis lupus) were harder to ascertain, possibly because of the severity of mitigation measures (e.g., electric fences) taken to protect sheep in wolf territories, a factor we were not able to include in our large scale analyses. Patrolling of the grazing area and early gathering of sheep in the autumn were not associated with a substantial reduction in losses. However, our dataset was not well suited to evaluate the efficiency of those mitigation strategies. Our findings could help develop new mitigation strategies as alternatives to predator removal where large carnivore conservation is a concern.
INTRODUCTION
Historically persecuted and sometimes exterminated due to their impacts on livestock (e.g., Breitenmoser 1998 , Linnell et al. 2010 ), large carnivores now benefit from increasing conservation efforts, leading to a biological recovery of their populations in many parts of Europe and North America (Wabakken et al. 2001 , Pyare et al. 2004 , Sommers et al. 2010 , Hebblewhite 2011 . Not surprisingly, their co-occurrence with livestock in multiuse landscapes leads to losses of livestock, which can have important economic implications for farmers (Ogada et al. 2003 , Treves et al. 2004 , Dar et al. 2009 , Ripple et al. 2014 . Diverse management strategies have been implemented to mitigate losses, for example through herding, fencing, bringing livestock down from summer pastures earlier than normal, using livestock guarding dogs and translocation or killing of ''problem'' carnivores (Linnell et al. 1999 , Stahl et al. 2001 , Ogada et al. 2003 , Rigg et al. 2011 . Compensation schemes have also been instigated, to repay farmers for living in a carnivore-used landscape. Two main approaches exist, with payments either based on reported livestock losses (ex post facto compensation schemes, e.g., Boitani et al. 2010) or on the number of predators present and the damage they are expected to cause (performance-payment schemes, e.g., Zabel and Holm-Muller 2008) . In the ex post facto compensation schemes, farmers make claims for the number of animals they believe to have lost to large carnivores and are reimbursed based on the number of animals documented as lost to carnivores (i.e., the number of carcasses found and identified by an expert as killed by carnivores). Livestock grazing pastures are often on extensive rangelands that are isolated and hard to monitor. The number of carcasses found can therefore be small relative to the number of livestock lost and the actual factors causing losses can thus be hard to ascertain (Breck et al. 2011 ). However, a rigorous understanding of the factors influencing losses is necessary to develop management strategies that will reduce human-carnivore conflicts (Graham et al. 2005) and mitigate the economic impacts of large carnivores.
Norwegian sheep (Ovis aries) farming alternates between periods when sheep are kept indoors (in winter), on infield pastures close to the farm (during early spring and late fall) and on outfield pastures consisting mainly of boreal forest or alpine tundra habitats (from May-June until September-October) (Skonhoft et al. 2010 . The outfield pasture period represents a vulnerable period when the sheep generally graze freely with few fences and little supervision. Eurasian lynx (Lynx lynx), wolverine (Gulo gulo), brown bear (Ursus arctos), wolf (Canis lupus), and golden eagle (Aquila chrysaetos) are the main species of large predators present in Norway. They have been recovering in Scandinavia during the last 30 years (Wabakken et al. 2001 , Linnell et al. 2010 and are responsible for a significant amount of depredation on freeranging sheep. The lynx population is today managed as a game species with its population size regulated by quota hunts, while golden eagles, wolverines, brown bears and wolves are legally protected and subject to varying degrees of population regulation by licensed hunters and state game wardens (Bischof et al. 2012) . The authorities may also authorize culling of specific problem individuals to prevent damage to livestock. Farmers that loose sheep due to large predators can claim for compensation of losses, and payments depend on both the number of carcasses confirmed to have been killed by large predators and a rather subjective estimate of the proportion of total (unverified) losses likely to be due to predation.
We used 11 years of data (2001-2011) on number of sheep claimed by the farmers as killed by large predators and number of sheep carcasses confirmed to have been killed by large predators to evaluate how predator density, management decisions made by the farmers and other environmental or habitat-related variables were associated with the numbers of claims and carcasses found. The management decisions included in the analysis were the number of days spent patrolling the pastures and the date when sheep were gathered in from summer pastures. The environmental and habitat-related variables examined were variables known to potentially influence depredation rates on livestock: percentage of forest in the pastures, slaughter weights of the lambs, density of alternative prey and spring conditions (e.g., Warren and Mysterud 1995 , Graham et al. 2005 , Kaartinen et al. 2009 ). Our analyses were run separately for 5 predator species (lynx, wolverine, bear, wolf and eagle) and for lambs vs. ewes to identify the variables related to losses in each of these predator-prey systems.
MATERIAL AND METHODS

Sheep data
We obtained data on the number of claims for lambs and ewes killed by large predators from 2001 to 2011 from the Norwegian Environment Agency (Miljødirektoratet). Owners report how many lambs (Lamb) and ewes (Ewe) were released on the summer pastures and how many they believe were lost to the different predator species. About 80% of the sheep that graze on outfield pastures in Norway belong to farmers that participate in the organized grazing database (''Organisert beitebruk''), which records animals grazing on spatially defined areas where farmers have grazing rights. This database contains information about when the sheep are released and taken down from the summer pastures, organization of sheep supervision, and each grazing area is mapped (Beitelagskart 2001 (Beitelagskart -2011 , Norwegian Forest and Landscape Institute; http://kilden.skogoglandskap.no/map/ kilden). Supervision in the Norwegian context does not involve guarding or active herding, rather it represents patrolling of the grazing area to look for signs of dead or injured sheep. We used this database to extract for each municipality the mean number of days per week spent patrolling (Patrolling), the mean date when sheep were gathered in from summer pastures (Gathering), and the mean percentage of forest in the summer pastures (Forest, extracted from AR50 map, Norwegian Forest and Landscape Institute). Slaughter weights of lambs (Weight) were obtained at the farm level from the Norwegian Agricultural Authority (Statens landbruksforvaltning). Slaughtering occurs in autumn, soon after the sheep are taken down from the summer pastures and slaughter weight corresponds to ca. 40% of the weight of the live animal. We used average slaughter weights of lambs as an indicator of lamb body condition at the end of summer and thereby of the forage conditions during summer. We did not use data on slaughter weights of ewes since we had no information on the age of the slaughtered ewes, which is a strong predictor of body mass. Each farm was linked to the municipality where it was located and data was summarized at the municipality level. Because claims can be made by farmers that do not participate in the organized grazing database, and who therefore do not provide data on Patrolling or Gathering, we had missing data for some municipality-years (n ¼ 81). We excluded those from analyses and focused on claims made in 2150 municipalityyears.
Data on number and locations of sheep found killed by large predators were obtained from the central database for predator management (Rovbase 3.0, Norwegian Environment Agency). When a sheep is found dead following a predator attack; wardens from the State Nature Inspectorate register the location of the kill and conduct a field autopsy to determine the cause of mortality. The degree of confidence in the mortality cause is also registered as documented (when the cause of death cannot be confused with other causes of death), assumed (when many indices point to a given predator species being the cause of death, but where other causes cannot be excluded), unsure (when the indications are weak and can be mistaken for other indications) or unknown. We only retained data from carcasses for which the mortality cause could be documented as killed by one of our 5 predator species of interest, and that were located in a municipality where at least one compensation claim was made between 2001 and 2011. The dataset included data from 257 municipalities from 17 counties (Tables 1 and  2 Predator and alternative prey data Data on predator numbers between 2001 and 2011 were obtained from the central database for predator management (Rovbase 3.0, Norwegian Environment Agency). In Scandinavia, lynx are monitored through observations of family groups (i.e., mainly tracks in snow, but also camera trapping images and any young lynx shot or found dead) which are attributed to distinct family groups based on distance rules derived from telemetry studies of home range size and movement rates (Linnell et al. 2007 ). The estimates of number of family groups are supported by a snow-tracking index that involves skiing a network of 1945 transects, each 3 km in length. This method to estimate lynx population size has been validated by comparing family group counts to a population reconstruction based on harvest data by hunters . Wolverines are followed through the monitoring of known natal dens and an extensive search for new natal dens from the beginning of March to the summer each year (Landa et al. 1998) . In recent years the annual search effort has exceeded 100,000 km of snow-scooter-based searching and the population estimates based on those den counts correspond very well with estimates from DNA sampling (Brøseth et al. 2010) . Bears are followed by analyzing DNA from feces and hair samples which are collected each autumn by hunters and state wardens and which allow the minimum number of individuals alive in a given year to be estimated (Solberg et al. 2006) . Wolves are mainly monitored through tracking in the snow (Liberg et al. 2012) . Tracking, used in connection with radio-telemetry, permits an estimation of the minimum number of individuals, to delimit the territory utilized by each pack or scent-marking pair, and also the detection of stationary and dispersing solitary wolves. Tracking efforts are concentrated in Østfold, Akershus and Hedmark counties, where the management area for breeding wolves is located so that the estimate of wolf density was only reliable for those counties. Thus, we only included data from those counties (Wolf area; see Fig. 1 ) in analyses of number of sheep claimed or found to have been killed by wolf. For more details on the collection and analysis of predator data, see www.rovdata.no.
To estimate density of lynx, wolverine and bear in each municipality, we first established buffers around the point where the predators had been observed, or around the mean position for the year if a group or individual had been observed several times in a given year. For each species, the size of the buffer was determined using the frequency distribution of the distances between confirmed kills and predators (Appendix A) and was taken as the distance where ca. 75% of the confirmed kills were found (i.e., 30 km radii for lynx and wolverines and 20 km for bears). We then added ''1 predator'' (lynx, wolverine or bear) to each cell (1 3 1 km) covered by a buffer. We finally estimated the density of lynx, wolverine and bear as the average value of lynx, wolverine and bear cells in each municipality. Since the collection of bear feces and hair started in 2006, we could not obtain yearly estimates of bear numbers for the whole study Counties that appear in green are counties that were retained in analyses and where wolves were monitored. Only carcasses killed by wolves in those counties (i.e., county 2 and 4) were considered in the analyses. period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . We therefore used the mean density across the available years (2006) (2007) (2008) (2009) (2010) (2011) (2012) as an index of the bear density. Our estimate of bear densities therefore varies in space by municipality, but not among years. Norwegian bears are at the outskirts of a large Swedish bear population, and bear regularly turn up in the same limited areas along the border closest to the Swedish core bear areas (Aanes et al. 1996 , Sagor et al. 1997 ) so we trust that our index based on data for 2006-2011 can be applied to estimate bear density for 2001-2011. For wolf, we used the polygons delineating the home ranges of packs and scentmarking pairs and the number of animals known to live in each group to estimate density at the municipality level. We attributed to each 1 3 1 km cell covered by the home range of a group, a value corresponding to the number of animals known to live in this group. We then estimated the density of wolf as the average value of wolf presence across all cells within each municipality.
Roe deer are the main wild prey for Eurasian lynx in most of Norway. We used the number of animals harvested in each municipality as an index of roe deer density (Roe deer). The average number of roe deer harvested each year between 1996 and 2002 was divided by the area of suitable habitat (excluding open water and alpine tundra). This type of index based on hunting statistics has been shown, in Norway, to correlate well with other indices of population abundance like number of roe deer killed in car accidents or number of sightings at feeding-sites during the winter (e.g., Grøtan et al. 2005) . Averaged over all municipalities and years from the 1950s to 2005, only 28% 6 19% of the hunting quota for roe deer was harvested (Grøtan et al. 2005) . Quotas were therefore unlikely to influence hunting bag. To estimate moose density, we also collected hunting statistics on moose that can be an important prey for wolves and bears. Moose density, however, was highly correlated with the percentage of forest in a municipality (Forest, r ¼ 0.59) so we could not keep it as an explanatory variable in our models. Furthermore, we examined whether reindeer density (semi-domestic and wild) explained the number of sheep either claimed or found killed by the different predator species as reindeer can be preyed upon by all of them. We found no evidence for a relationship between reindeer density and the number of claims or the number of sheep carcasses found in a municipality. Therefore, reindeer density was not included in our final analyses.
Spring conditions
Previous studies have shown that weather in spring and the way it influences vegetation characteristics can have important impacts on lamb body weight ) and sheep losses (Portier et al. 1998) . We thus wanted to examine whether the temperature in May (MayTemp) (Beck et al. 2006) to the data available for each pixel and year (see Tveraa et al. 2013 for details on the equation used). From these smooth estimates we determined for each pixel and year the maximum EVI during the year (mEVI ) as an index of plant productivity, the rate of increase in greening in spring (Inc), and the onset of spring (Spring) defined as the date in spring when EVI was halfway between the minimum level in winter and the maximum (mEVI ). We then summarized those values at the municipality level using mean values of the pixels covering the municipality. MayTemp and Spring were highly correlated to the percentage of forest in a municipality (r ¼ 0.55 and À0.60, respectively), while mEVI did not explain any variation in the number of claims and number of carcasses killed by large predators. We thus only kept the rate of increase in greening (Inc) to describe the spring conditions in our final analyses.
Statistical analyses
We ran 10 models to examine the relative v www.esajournals.org importance of 8 variables to explain variation in the number of lambs and ewes claimed to have been killed by lynx, wolverines, bears, wolves and eagles; and then ran 10 models to examine the importance of the same 8 variables to explain variation in the number of lambs and ewes found and confirmed to have been killed by the different predator species. The explanatory variables entered in the models were: number of sheep released on pastures by claimants (Lamb or Ewe depending on if we were running a lamb or a ewe model), predator density (Predator), percentage of forest in the summer pastures (Forest), density of roe deer (Roe deer), lamb slaughter weights (Weight), rate of increase in vegetation greening (Inc), number of days spent patrolling (Patrolling) and date when the sheep where brought down from summer pastures (Gathering). The number of sheep released on pastures was log-transformed before entering the models because the number of claims and carcasses found did not increase linearly with the number of sheep on pastures. The predator density was defined as the density of lynx, wolverine, bear or wolf depending on whether the model examined number of claims or carcasses killed by lynx, wolverine, bear and wolf, respectively. Since we had no estimate of eagle densities, predator density was not entered as a predictor in the analyses of claimed losses and carcasses found killed by eagles. All variables were standardized before entering the models to allow for a direct comparison of the relative effect size of the explanatory variables.
Analyses were performed using generalized linear mixed models in the glmmADMB package (Fournier et al. 2012 , Skaug et al. 2013 in R with response following a negative binomial distribution and municipality included as a random factor. We also tested for the existence of spatial autocorrelation in the model residuals but never found it to be statistically significant (all at P . 0.05, Mantel tests on the mean residuals per municipality).
RESULTS
In the 257 municipalities under study between 2001 and 2011, 552,625 sheep were claimed as lost to predators, which represents on average 9.8 6 0.1% of the sheep sent on pastures by people making claims (Table 1 ). In the same period, 17,077 carcasses were found and confirmed to have been killed by large predators ( Table 2 ). The number of carcasses confirmed to have been killed by lynx, wolverine, bear, wolf and eagle represented 2.2%, 2.1%, 8.1%, 11.0% and 1.9% of the number of claims made, respectively ( Table  2 ). The number of carcasses for which mortality cause was confirmed to be predation by large predators represented 2.8% of the lambs and 6.4% of the ewes claimed to have been killed by these predators (Table 3) .
The period of the summer when most sheep carcasses were found differed between the predator species responsible for the kill. The distribution of carcasses killed by lynx was fairly uniform over the period from June to October. In contrast, the number of carcasses found killed by wolverines peaked in August-September, by bears in July-August, by wolves in June-July and by eagles in June (Fig. 3) .
In general, the effect size of the different predictor variables showed the same pattern in v www.esajournals.org the analyses of claimed losses and carcasses found (Fig. 4) . In most of the analyses the number of sheep released on outfield pastures showed a strong positive relationship to the number of sheep claimed as killed and found killed by the different predator species (Fig. 4 ). An exception was the number of ewe carcasses found killed by eagles but this result was based on a very small number of ewe carcasses (Table  3) . Also the number of lamb and ewe carcasses found killed by wolves showed a weak relationship to the number of sheep sent on pastures by claimants. For lynx, wolverine and especially bear, the number of claimed losses and the number of carcasses found were positively related to predator density (Fig. 4) . In contrast, there was little evidence for wolf density to be related to the claimed losses or carcasses found killed by wolves. Due to no suitable eagle density data being available, the association with predator density could not be investigated for eagles.
The percentage of forest in the summer pastures was positively related to the number of lambs and ewes claimed lost and the number of lamb carcasses attributed to lynx. The percentage of forest in the summer pastures was negatively related to the number of lambs and ewes claimed lost to wolverines and lamb carcasses attributed to wolverines, and also the number of lambs claimed and found killed by eagles. The number of lambs and ewes claimed to have been killed by wolves was positively related to the percentage of forest in the pastures while the number of carcasses found killed by wolves were not (Fig. 4) .
Roe deer density was negatively related to the number of sheep claimed and found killed by bears. For the main roe deer predator, the lynx, the evidence for an association between roe deer densities and claimed losses and carcasses found was weaker. Only the claimed losses to lynx showed an association to roe deer density and this association was positive (Fig. 4) .
Average lamb slaughter weight was negatively and strongly related to the number of claims and carcasses attributed to wolverines. Furthermore, for wolverine, a fast increase in greening in the spring (indicative of poor forage conditions later in the season) was also associated with elevated number of claims and carcasses found. An increase in the average lamb weight and a fast increase in greening in the spring were both related to a decrease in the number of lambs claimed and found to have been killed by eagles (Fig. 4) .
We found in general only minor associations between husbandry management decisions and claimed losses and carcasses found. However, a later gathering in the autumn was associated with reduced lamb loss claims and a reduced number of lamb carcasses killed by wolves, as well as a reduced number of ewe loss claims and carcasses found killed by bears (Fig. 4) . For ewes killed by lynx and eagles, on the other hand, a later gathering was linked to higher numbers of (Fig. 4) .
The percentage of the variance explained by the models varied greatly from case to case (Appendix B). The models that predicted the observed data best were models examining the number of sheep claimed and found to have been killed by wolverines, while models examining the number of sheep killed by wolves performed poorly. For ewes killed by eagles, the models also explained little variance but they were based on a relatively small number of claims and carcasses found (see Table 3 ).
DISCUSSION
Detection rate: How does it affect claims?
The proportion of sheep claimed as lost that were found and confirmed to have been killed by large predators (i.e., the detection rate) was universally low, and including carcasses for which mortality cause could not be ascertained did not increase detection significantly (considering all carcasses found, carcasses represented 3.6%, 3.7%, 12.3%, 15.5%, and 3.7% of all sheep claimed to have been killed by lynx, wolverine, bear, wolf and eagle, respectively). Still, the detection rate was somewhat higher for ewes v www.esajournals.org than for lambs, a pattern that may be due to lamb carcasses decomposing or disappearing more quickly. The detection rate was also higher for sheep killed by wolves and bears compared to lynx, wolverines or eagles. This could be the result of bears killing mostly ewes (Warren and Mysterud 1995, Knarrum et al. 2006) , which seemed easier to find than lamb carcasses. Also, it could be related to the fact that wolves and bears were killing sheep mostly in counties 4, 5, 16 and 17 (Table 2 ) which were the counties with the highest patrolling effort (4 days or more per week on average). Finally, when bears and wolves hunt sheep, they typically scare the entire herd, which generates lots of noise from the bells from the running sheep. The change in behavior may even drive the sheep back to the farm, thereby triggering increased search effort from the owner and increasing detection rates.
Previous studies have suggested detection rates to be linked to the effort spent by the farmer to monitor livestock (e.g., Breck et al. 2011 ) and detection of carcasses killed by wolves was also related to the patrolling effort in our study (P ¼ 0.02). For sheep killed by lynx, wolverines and eagles, detection rates were very low (ca. 1 in 50 animals claimed were found and had mortality cause ascertained) and not linked to the patrolling effort averaged at the municipality level. It may, however, be related to the effort at a finer scale (farm level).
The low detection rates render mortality cause hard to establish for producers, who are left with an ''educated guess'' for why their sheep disappear. Still, we found within predator species very similar patterns with respect to the factors that were correlated to the number of claims and number of carcasses found. This suggests that farmers assign mortality causes for their sheep proportionally according to the predator specific mortality cause of the carcasses found in their area or that their knowledge of their environment (e.g., composition of the predator community in the area) allows them to predict accurately the mortality causes in their flock. The large difference in detection rates between the different predator species suggests that producers do not tend to claim for sheep killed by wolves or bears unless there is good evidence for wolf or bear predation in the area. In contrast, they seem to be more ready to attribute sheep mortality to lynx, wolverines and eagles, even if the number of carcasses documented as killed is low.
Main factors affecting claims and carcasses found
Our overall estimate of the percentage of released sheep claimed as killed by predators was on average 10% (Table 1 ) while the overall losses (i.e., including both predator and other mortality causes) in the Norwegian sheep industry are around 6% (SLF 2009 ). This indicates that owners that claim predator losses experienced higher than average losses of sheep.
The number of sheep sent on pastures by claimants was generally a good predictor of the number of claims made and of carcasses found killed by large predators. There was in general a logarithmic relationship between the number of sheep sent on pastures and the number of claims/ carcasses found. This may be because the predators are not able to take more sheep as more are released on pastures. Unraveling the mechanisms behind this relationship is difficult however, since it certainly originates from a mixture of factors including the functional responses of predators to different prey densities (Gervasi et al. 2014) , different propensity to claim depending on the relative loss in a flock and claims being based on very low detection rates of carcasses.
Except for wolves, the density at which predators were present in the municipality was an important predictor of both the number of claims and carcasses found. The finding that losses were related to lynx, wolverine and bear densities suggests that kills are not the product of just a few ''problem individuals'' that specialize on sheep among the predator population (Linnell et al. 1999 ), but rather that sheep depredation increases with the number of lynx/wolverines/ bears present in the area. The displacement or shooting of specific individuals responsible for some kills will thus probably have a limited effect on reducing losses if the overall predator population size stays at a similar size (Landa et al. 1999 , Herfindal et al. 2005 . For example, a recent study on wolf and livestock suggests that at least 25% of the wolf population should be harvested for the lethal control to reduce livestock depredations in western America (Wielgus and Peebles 2014) and other studies report up to 45% reduction in the predator population v www.esajournals.org with limited positive effects on the prey population (Hervieux et al. 2014) . Such high levels of predator removal may be in conflict with Norwegian conservation objectives. In our study wolf density failed to predict the number of sheep claimed or confirmed killed by wolves. This is probably because of all the mitigation measures taken to prevent damage from wolf in the known wolf territories (e.g., moving of sheep outside of the territories, extraordinary monitoring after predator damage, fencing, Bjøru et al. 2002) which might be efficient to prevent losses. We also only accounted for wolf packs and pairs with a known territory in our estimates of wolf density while dispersing wolves may also cause considerable losses. Since we had no data on eagle densities, we could not use eagle densities to predict losses due to eagles.
In general, the number of sheep on pastures and predator density were strong predictors of losses. However, other factors like percentage of forest in the pastures, slaughter weights of the lambs and a measure of spring plant phenology also influenced both claims and carcasses found. As we could expect from the habitat preferences of the different predator species, municipalities with a high percentage of forest in the summer pastures claimed more losses due to lynx (a forest-dwelling animal) and less losses due to eagles and wolverines, which are associated with open alpine-tundra habitats (Stahl et al. 2002 , May et al. 2008 . High losses of lambs and ewes claimed as being due to wolverines were also associated with low slaughter weights of the lambs, suggesting that sheep were more vulnerable to predation by wolverines when feeding conditions were poor and lamb body growth was moderate. It is notable that the association with lamb weight was also detectable for ewe losses to wolverines, even though adults are usually less susceptible to environmental variation than juveniles in long-lived species (Gaillard et al. 2000, Gaillard and Yoccoz 2003) ; and we thus expected poor feeding conditions to influence mainly lambs and not ewes. Interestingly, higher lamb slaughter weights were associated with a lower number of claims for lambs killed by eagles but not a lower number of lamb carcasses confirmed to be killed by eagles. This may suggest that farmers rely more on their overall knowledge of the composition of the predator community than on the available evidence concerning actual losses when making their claims of kills due to eagles. Furthermore, the farmers seemed to expect higher losses due to eagles when lambs were lighter and thereby easier to kill for a relatively small predator like the golden eagle. The rate of increase in vegetation greening also predicted losses to wolverines and eagles. Plant phenology is a major factor affecting the quality of the vegetation ) and has been identified as an important determinant of habitat use and fitness of large herbivores (e.g., Langvatn 1992, Pettorelli et al. 2005) . Net primary productivity has also being shown to be negatively related to livestock losses to predators (Graham et al. 2005) . Spring conditions influence the start of vegetation growth and plant phenology (e.g., Langvatn et al. 1996 ) with a faster increase in vegetation greening being related to vegetation of lower quality at the end of the season and a decrease in lamb body growth (Pettorelli et al. 2007) . A faster greening in the spring was related to more sheep losses claimed as due to wolverines and this may be linked to sheep being in poorer body condition and therefore more vulnerable in the late season when wolverines make most of their kills (Fig. 3) . On the other hand, a faster greening was related to fewer losses to eagles. This may be due to the early vegetation flush making the sheep less susceptible to attacks by eagles early in the season when eagles tend to take more sheep (Fig.  3) .
Roe deer density was weakly related to the number of claims and carcasses found. It mainly predicted the number of sheep found killed by bears, and to a minor degree the number of sheep claimed to have been killed by lynx. Lynx kill rates on sheep have been found to be linked to roe deer density in a complex manner, with kill rates negatively related to roe deer density on a regional scale , Gervasi et al. 2014 , while positively linked to roe deer habitat (i.e., forest) on a local scale . Our study confirms the positive relationship between forest habitat and the number of lamb claims/ carcasses documented but suggests a positive, and not the expected negative, relationship between roe deer density and claims/ carcasses found. In contrast, we found that the v www.esajournals.org number of sheep carcasses attributed to bears was negatively linked to roe deer density. In the absence of any direct mechanistic explanation for this result we speculate that this pattern appeared because bears are generally absent from the human dominated landscapes with high roe deer densities (Torres et al. 2011) and that this gave rise to a pattern of lower losses of sheep to bears in areas with high roe deer densities.
Management decisions:
Are they ineffective to reduce losses?
We found only a weak association between husbandry management decisions and the number of claims and number of carcasses found killed by predators. When implementing mitigation measures, a key element is to understand the ecological mechanisms that drive predator conflicts with livestock. Important factors that are likely to influence losses of sheep to predators are the kill rates by the different predator species, predator densities, prey densities and the amount of time livestock is available as prey (e.g., Gervasi et al. 2012 , Gervasi et al. 2014 ). Patrolling of pastures as it is practiced today in Norway is not expected to decrease kill rates much as it does not place any form of ''barrier'' between sheep and predators. Rather it is intended to reduce the uncertainty surrounding causes of mortality. However, the overall detection rate remained low for all species-with 85 to 95% of all claimed losses still being unverified. Bringing sheep down earlier from summer pastures decreases the period when sheep are exposed to predators. Owners make decisions on how to organize sheep farming based on their current knowledge of the loss situation. They can obviously adapt, as an acute response to high losses, by increasing patrolling or bringing their sheep down earlier from pastures. Our dataset only measured the result of those two processes and thereby may not be well suited to evaluate the efficiency of management decisions. For example, sheep staying later on pastures (later Gathering) was linked to lower lamb losses to wolf and lower ewe losses to bear (Fig. 4) . Such a pattern is most likely caused by earlier gathering of the sheep having been implemented as a response to high losses in earlier years. In contrast to our results, studies undertaken at the local scale and using before-after or controltreatment designs, have shown that early gathering of the sheep and increased sheep patrolling right after severe predator damage, were efficient at reducing losses (Hansen et al. 2012 (Hansen et al. , 2013 ).
CONCLUSIONS
Detection rates were remarkably low, making claimed losses hard to document and appropriate compensation levels difficult to determine. Increased carcass detection in ex post facto compensation schemes is important, both to improve the understanding of factors affecting losses and make compensation easier and fairer. The available data still allowed us to find a good correlation between factors affecting claims made by farmers and the number of carcasses documented to have been killed by large predators. Predator density was a strong predictor of claimed losses but other factors such as habitat type, lamb body growth and spring conditions were also good predictors. These findings could help develop new mitigation strategies as alternatives to predator removal in areas where large carnivore conservation is a concern. For example, where lynx are present, making sheep graze in open rather than forested areas could reduce losses. In a similar way, increasing lamb body size before release into summer grazing areas could help to reduce losses to wolverines. For brown bear, however, our results suggest that the only way to substantially reduce losses is through a reduction in the predator density, which may be incompatible with national and international conservation legislation, or a change in livestock husbandry towards a system based on fencing and/or shepherding methods that actively protect sheep (Rigg et al. 2011 ).
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v www.esajournals.org SUPPLEMENTAL MATERIAL APPENDIX A Fig. A1 . Distances between predators (mean position of lynx family groups, position of wolverine dens and mean position of individual bears) and sheep carcasses found and confirmed by the State Nature Inspectorate to have been killed by lynx, wolverines and bears. We used these distributions to determine the radii of the circles where we considered the different predator species to be present (as distance where ca. 75% of the confirmed killed are found: 30 km for lynx and wolverines and 20 km for bears). The smaller radius obtained for bears is due to the fact that only reproductive females are monitored for lynx and wolverines while all individuals (males, reproductive females and nonreproductive females) are monitored for bears. Kills made by males and nonreproductive females of lynx and wolverine spread thus further from the positions of the known reproductive females. v www.esajournals.org APPENDIX B Table B1 . Overall variance explained by models presented in Fig. 4 
